OBJECTIVEdIn young-onset diabetes, insulin therapy status is a rough marker of diabetes type. We describe the mortality experience of a low-income, predominantly minority population with diabetes diagnosed before age 30 years, stratified by insulin therapy.
T he recent rise in obesity and diabetes among adolescents and young adults from predominantly low socioeconomic status (SES) and minority backgrounds has been well noted, with the diagnostic challenges it presents in distinguishing between type 1 and type 2 diabetes (1-4). However, little data are available on long-term mortality outcomes in this population. Whether it be type 1, type 1.5, or type 2 diabetes, the early age of onset of the disease heralds an early age of onset of late end-organ complications and very early mortality. Quantifying the level of excess mortality in this population and identifying specific causes of death may help in developing strategies to increase the survival of individuals with young-onset diabetes.
Age at diabetes diagnosis has long been used in the classification into type 1 or type 2 diabetes, with age 30 years being a commonly used cutoff point, particularly in epidemiological studies (5) . Insulin therapy is a marker of poor b-cell function and thus is commonly used, along with age at diabetes diagnosis, in the clinical classification of individuals with diabetes. We therefore sought to describe the contribution of major complications in diabetes to mortality in a low SES, predominantly minority population with diabetes diagnosed before the age of 30 years, grouped into three different groups based on therapy at study baseline: 1) treated only with insulin, 2) treated with insulin and an oral hypoglycemic agent, and 3) not treated with insulin. The mortality experience of individuals in these three groups was compared with that of a comparison group without diabetes drawn from the same source population. To our knowledge, this is the first study to describe cause-specific mortality in young-onset diabetes by insulin therapy status.
RESEARCH DESIGN AND
METHODSdThe Southern Community Cohort Study (SCCS) is a populationbased study designed to investigate causes of health disparities in the incidence and mortality of cancer and other chronic diseases. Details of the rationale, study design, and methods have been described previously (6) . In brief, be- After obtaining informed consent, participants completed an ;1-h in-person interview that collected data on medical history, lifestyle, and demographic factors. If a participant answered "yes" to the question, "Has a doctor ever told you that you have had diabetes or high blood sugar?", they were asked questions about age at diabetes diagnosis and medications currently taken to treat the disease. Women were specifically asked not to include gestational diabetes in their reporting. Of the 64,096 participants, there were 339 individuals with missing data on diabetes status who were excluded. A total of 13,843 individuals reported having a physician diagnosis of diabetes, of whom 1,149 were diagnosed before the age of 30 years (hereafter called "youngonset"). Among those diagnosed with young-onset diabetes, 400 reported using insulin as the only hypoglycemic agent at the time of enrollment into the SCCS and formed group A, 192 reported using insulin plus an additional hypoglycemic agent and formed group B, and 506 reported not being on insulin therapy (315 of whom were using an oral hypoglycemic agent) and formed group C. An additional 51 with young-onset diabetes were excluded from analysis because they reported not knowing whether they were using any diabetes medication (n = 1) or had missing information on use of diabetes medication (n = 50). Those reporting no history of physician-diagnosed diabetes at enrollment into the SCCS formed our reference population (n = 49,914).
Mortality status and underlying and contributing causes of death were determined from linkages of the SCCS population with the National Death Index database, with mortality censored on 31 December 2008. Because data relying only on the underlying causes of death listed on death certificates may substantially underestimate the impact of diabetes-related complications on total mortality in individuals with diabetes, we used both the underlying and contributing causes listed on the death certificates in determining causespecific mortality (7, 8) . The specific causes of death investigated were coronary artery disease (CAD), myocardial infarction (not mutually exclusive with CAD), heart failure, renal failure, respiratory failure/ arrest, sepsis, and hypoglycemia/ketoacidosis. The ICD-10 codes listed as either the underlying or contributing cause of death used to define the above disease classifications can be found in Supplementary Table 1 .
General linear models were used to test for differences in continuous variables across the comparison groups, and x 2 tests were used to test for differences in categorical data. Cox proportional hazards modeling, using age as the timescale, was used to determine hazard ratios (HRs) and their 95% CIs for all-cause and cause-specific mortality by diabetes group relative to individuals without diabetes. Because mortality outcomes in diabetes may vary by race (9-11), the multivariate model included a term for race (self-reported, African American, white, other) in addition to terms for diabetes group, sex, education (less than high school vs. high school graduate or greater), annual household income (less than $15,000 vs. $15,000 or more), and smoking (former, current, never). Because of sample size limitations in other racial/ ethnic groups, effect modification by race was assessed, and race-specific analyses were conducted among African Americans and whites only. In a second set of analyses, the effect of duration of diabetes was also assessed, with a value of zero being assigned to individuals without diabetes.
The proportional hazards assumption was checked by plotting the log of the negative log of the survival function against log time; no major violations were observed. The criterion for statistical significance was a two-tailed P value of ,0.10 for multiplicative interaction and ,0.05 otherwise. Statistical analyses were conducted using SAS version 9.2 (Cary, NC).
RESULTSdTable 1 compares the characteristics of the study participants by diabetes group. Participants were similar in age at study enrollment (median 49 years). Compared with individuals without diabetes, people with young-onset diabetes were more likely to be female; had a higher BMI at age 21 years and at study enrollment; were more likely to have had a history of hypertension, hypercholesterolemia, CAD, stroke or transient ischemic attack, glaucoma, cataracts, and acid reflux; and less likely to have a history of smoking or to be current smokers.
During an average of 3.9 years of follow-up, 4.6% of people without diabetes died. Among people with young-onset diabetes, 15.0, 12.5, and 7.3% in groups A, B, and C, respectively, died. Table 2 presents the number of events and contribution of each outcome to total mortality. In individuals without diabetes, CAD was the leading contributor to mortality, documented in 16% of all deaths. CAD was also among the leading contributors to mortality in people with diabetes, accounting for 23-29% of deaths. Renal failure contributed to slightly more deaths than CAD in group A (insulin therapy only), while it contributed equally with CAD to mortality in group B (insulin therapy plus an oral hypoglycemic agent). There were 31 cases where hypoglycemia or acidosis/ketoacidosis was listed on death certificates. Of these 31, 24 occurred in individuals without known diabetes at baseline, 3 occurred in group A, 1 occurred in group B, and 3 occurred in group C.
Age-adjusted all-cause mortality rates per 1,000 person-years were 44.7, 36.8, 20.9, and 11.6 in groups A, B, and C and in individuals without diabetes, respectively. HRs for all-cause and cause-specific mortality for each diabetes group compared with those without diabetes are presented in Table 2 (fully delineated  models are presented in Supplementary  Tables 2A and 2B ). In these multivariable analyses, individuals in groups A and B were at a fourfold increased risk for all-cause mortality compared with individuals without diabetes. People in group C had a doubled all-cause mortality risk compared with people without diabetes. The HRs for the specific causes of death evaluated (namely CAD, myocardial infarction, heart failure, renal failure, sepsis, and respiratory failure) all tended to be higher than the all-cause HR within each of the three diabetes groups. For CAD specifically, mortality risk was sevenfold, ninefold, and threefold greater in groups A, B, and C, respectively, compared with individuals without diabetes. The relative excess was even more pronounced for renal failure, with HRs being 17-fold, 18-fold, and 5-fold greater in groups A, B, and C, respectively, compared with individuals without diabetes. CAD and renal failure were the two leading contributors to mortality in people with diabetes. Figure 1A and B graphically depicts the patterns for CAD mortality, and Figure 1C and D graphically depicts patterns for renal failure mortality among the diabetes groups by age and follow-up time, respectively. Duration of diabetes was not significantly related to all-cause mortality, but mortality from renal failure increased with rising duration (HR 1.03, 95% CI 1.00-1.07, P = 0.03) ( Table 2) . Thus, when duration was controlled for, the high HR for renal failure associated with groups A, B, and C were each reduced by nearly two-thirds ( Table 2 ). Duration of diabetes was not significantly related to any of the other diabetes outcomes. Finally, in analyses comparing individuals diagnosed before age 30 years, individuals diagnosed at or after age 30 years, and individuals without diabetes, people diagnosed before age 30 years were at nearly twice the mortality risk as individuals diagnosed at or after age 30 years and more than three times the risk of individuals without diabetes (Table 3) . When further controlled for diabetes duration, which was significantly associated with mortality in these analyses, the excess risks compared with individuals without diabetes were attenuated, but the higher mortality among people with young onset versus later onset persisted.
CONCLUSIONSdUntil recently, diabetes observed in children and young adults was almost exclusively type 1 diabetes, and young age (e.g., ,30 years) at diagnosis was commonly used to differentiate between the two major forms of diabetes, particularly for research purposes. However, the rise in obesity and the parallel rise in diabetes Cause-specific mortality was based on underlying and contributing causes of death. Group A was diagnosed before the age of 30 years and was on insulin therapy only. Group B was diagnosed before the age of 30 years and was on insulin therapy plus an oral hypoglycemic agent. Group C was diagnosed before the age of 30 years but was not on insulin therapy. Model 1 was controlled for sex, education (less than high school vs. high school or more), income (less than $15,000 vs. $15,000 or more), smoking history (current/former/never), and race. Model 2 controlled for all variables in model 1 and additionally controlled for duration of diabetes. A total of 1.3% (n = 5), 0% (n = 0), and 0.8% (n = 4) of individuals in groups A, B, C, and 1.2% (n = 578) of individuals without diabetes were excluded from multivariable analyses because of missing data. **Percents for cause-specific mortality represent percent of total deaths contributed to by that complication. ***Duration was only significant (HR 1.03, 95% CI 1.00-1.07, P = 0.03) in the model for renal failure mortality.
in adolescents and young adults have presented a diagnostic challenge for clinicians, since the clinical and blood chemistry features of the two major forms of diabetes, type 1 and type 2, often overlap in this young population (2, 4, 12 (19) (20) (21) . The twofold increased all-cause mortality risk observed in our youngonset population not treated with insulin is also in line with the twofold increased all-cause mortality risk observed in traditional type 2 diabetes populations, i.e., individuals diagnosed in middle-age and beyond (22, 23) .
The high excess mortality due to renal disease in individuals diagnosed with diabetes before the age of 30 years is well established (7, 20, 24, 25) . We have shown that even in a low SES largely African American population where end-stage renal disease risk is already elevated, renal disease mortality increased 17-fold among people treated with insulin compared with people without diabetes. The impact of renal disease in type 1 diabetes was recently highlighted in a report from the Pittsburgh Epidemiology of Diabetes Complications Study showing that, although the mortality rate overall was six times higher than in the general population, in the absence of any underlying renal disease, mortality in type 1 diabetes was comparable to that observed in the general population (25) .
In a recent report from the Allegheny County diabetes registry, CAD was the leading cause of death in both blacks and whites with type 1 diabetes, although renal failure also played a major contributory role (9) . In our population, CAD was the leading contributor to mortality in individuals not on insulin therapy (group C), contributed equally with renal failure to mortality in individuals on both insulin therapy and an oral hypoglycemic agent, and contributed slightly less than renal failure to mortality in individuals treated with insulin only (group A). Our results suggest that in low-income largely minority patients with long duration of insulin-treated young-onset diabetes, excess mortality due to CAD is high (seven-to ninefold higher than in people without diabetes) and appears to compete with renal disease as a contributor to mortality.
To our knowledge, no long-term mortality data are available specifically for type 1.5 or type 2 young-onset diabetes. Combined therapy with both insulin and oral hypoglycemic agents has been suggested for obese individuals with the classic features of both type 1 and type 2 diabetes, so our group B likely contains a sizeable percentage of patients who would fall in this intermediate type 1.5 category. Although all participants in group B and 62% of participants in group C were using at least one oral hypoglycemic agent, 31 and 14%, respectively, were using thiazolidinediones. Noteworthy is the 11-fold increase in heart failure risk among people in group B, whose usage of thiazolidinediones was more than twice as high as in group C, where heart failure mortality risk was increased twofold. Recently, increased heart failure risk was associated with thiazolidinediones, particularly rosiglitazone (26) . The risk of heart failure with thiazolidinedione use appears to be exacerbated when combined with insulin (27) , as also suggested by our data. We also observed an excess heart failure mortality risk in our population treated with insulin only (group A), although not as severe as in group B. Standardized mortality ratios from the Diabetes U.K. study of over 23,000 insulin-treated diabetes subjects diagnosed before the age of 30 years suggests heart failure mortality is also increased in type 1 diabetes (28), which our data seem to support.
A few reports have noted an increased frequency of respiratory failure on death certificates of individuals with diabetes (8) , although this has not been observed by others (7) . Respiratory failure mortality in individuals with diabetes may be due to complications of infection, renal failure, or ketoacidosis; however, in the 22 cases where respiratory failure contributed to mortality in our diabetes population, only seven co-occurred with renal failure or sepsis, two co-occurred with CAD, and none co-occurred with acute complications (data not depicted). A meta-analysis of studies of pulmonary function in diabetes revealed a modest reduction in pulmonary function in both type 1 and type 2 diabetes (29), although the relationship appeared to be stronger for type 2 diabetes. However, reduced pulmonary elastic recoil (30) , lung volume, and impaired diffusing capacity (30,31) were observed in type 1 diabetes. Respiratory failure mortality may also be due to autonomic neuropathy (32, 33) or polyneuropathy (34) , perhaps partially via reduced pulmonary function, and this link between neuropathy and respiratory control has been hypothesized to play a role in the dead in bed syndrome observed in type 1 diabetes (35) . A central disorder in respiratory control in diabetic autonomic neuropathy has been hypothesized (36) , and although we did not have data on autonomic neuropathy, it has been suggested that cardiorespiratory arrest is a distinctive "feature of diabetic autonomic neuropathy" and plays a role in the high mortality of autonomic neuropathy in type 1 diabetes (33) . In our population, individuals treated with insulin were seven to nine times more likely to die of respiratory failure as an underlying or contributing cause of death than individuals without diabetes.
Duration of diabetes, for a given age, was not significantly related to all-cause mortality in our main analyses. However, after controlling for diabetes duration, excess risk due to renal failure was reduced by two-thirds; nevertheless, insulin-treated individuals with young-onset diabetes in our population were still at a more than fivefold excess renal failure mortality risk compared with individuals without diabetes, even after the length of time with diabetes had been controlled for. The impact of duration of diabetes was also highlighted by our results showing that, for a given age at study enrollment, the differences in all-cause mortality between individuals diagnosed before age 30 years versus at a later age were attenuated after control for diabetes duration.
Our study has several limitations to be considered. First, all baseline data were self-reported. Importantly, diabetes status was based on self-reported physician diagnosis of diabetes and self-reported age at diagnosis. Like most studies of this type where diabetes was diagnosed several decades before study entry, we were unable to confirm age at diagnosis. We did not have data on age at initiation of antihyperglycemic therapy; however, all individuals in groups A and B and the majority of group C reported currently taking diabetes medications at entry into the SCCS, indicating they did in fact have the disease. In addition, separate validation efforts within the SCCS based on review of medical records and/or A1C levels for samples of patients (mainly those first diagnosed after age 30 years) confirmed over 95% of the self-reports (37) . Inclusion into the study as a diabetes case required that diabetes had to be diagnosed before the participant was 30 years of age. Whereas some not reporting diabetes may have actually had undiagnosed young-onset diabetes, the minimum entry age into the SCCS was 40 years, and thus a subject would have to have had undiagnosed diabetes for a minimum of 10 years to have been misclassified as a noncase. It is possible that some young-onset cases were not diagnosed until after age 30 years, but such patients would have been excluded from our comparisons. It also must be kept in mind that our analyses were conditional on survival to at least age 40 years, the youngest eligible age for entry into the SCCS. Thus, our cases are not representative of all young-onset diabetes cases, a number of whom may have died before reaching age 40 years. Nevertheless, we believe our data are applicable to middle-aged individuals from low SES communities with long duration of young-onset diabetes where clinical features of both type 1 and type 2 diabetes may overlap. Finally, limitations regarding the use of death certificate data have been well described (7, 20, 38) , and the presence of multiple end-organ complications is common in individuals with longstanding diabetes (39); for example, CAD is rare in the absence of underlying renal disease in individuals with young-onset diabetes, particularly type 1 (40) . Thus, data relying only on the underlying causes of death listed on death certificates may substantially underestimate the impact of diabetesrelated complications on total mortality in individuals with diabetes. By using both the underlying and contributing causes of death provided by the National Death Index, we have attempted to minimize some of these limitations and more accurately ascertain contributors to total mortality in individuals with young-onset diabetes.
Our grouping of our participants based on age at diagnosis and antihyperglycemic therapy was a categorization scheme to create groups enriched with participants with a diabetes type commonly seen recently in young-onset diabetes. We expect our group A (insulin only) to be enriched with type 1 diabetes, although we recognize that this group will also contain some insulin-treated type 2 diabetic patients. We expect our group C to be almost exclusively type 2 diabetes, while our group B will be made up mostly of insulin-treated type 2 diabetic patients with some latent autoimmune diabetes in youth and insulin-resistant type 1 diabetic patients. We only had antihyperglycemic therapy at study baseline, a limitation of our study, and some of the participants may have changed medications since diabetes diagnosis and thus our group classifications used to mimic diabetes types may not be entirely accurate. Nevertheless, while our study was not a study of medication effects, we did observe a fourfold increased mortality in insulintreated participants relative to individuals without diabetes, and a twofold excess risk relative to individuals with diabetes but not treated with insulin, despite similar diabetes duration, consistent with that reported for individuals with type 1 diabetes (19, 20) and type 2 diabetes (22,23), respectively. While it could be argued whether the increased mortality in individuals treated with insulin in our young-onset diabetes population is due to type 1 diabetes, to being treated with insulin, and/or to b-cell function regardless of diabetes etiology, this cannot be tested in our population. The question of insulinrelated mortality, whether it is externally administered insulin or the hyperinsulinemia of insulin resistance, remains unanswered by our study.
In conclusion, we have documented cause-specific mortality in a low-SES, predominantly minority population with both insulin-treated and non-insulintreated diabetes diagnosed before age 30 years. Given that this base population has seen a rapid rise of incident diabetes among youth and young adults in the past couple of decades, we believe our findings are of considerable importance. Excess mortality persists among individuals with young-onset diabetes of long duration, with a much greater excess among individuals characterized by a therapy more likely made up of individuals with type 1 or hybrid diabetes. Endstage renal disease and CAD remain the leading contributors to mortality.
